###### What are the new findings?

-   Musculoskeletal pain is common in adolescent sport school students.

-   Constant pain negatively affects self-reported health status.

-   Constant pain coincides with a younger biological age in boys.

###### How might it impact on clinical practice in the near future?

-   Pain needs to be acknowledged in adolescent sport school students.

-   Coaches and school personnel should have a preventive action plan to promote a healthy and sustainable development for young athletes.

Introduction {#s1}
============

'No pain, no gain' is a motto frequently used in sport to make individuals work harder for results, even if it hurts. In youth sports, musculoskeletal pain is often studied from the standpoint of sports injuries,[@R1] but pain conditions in which the athlete still participates in sport, and its association with maturity, health status and sports performance, are rarely mentioned in the literature.

Pain is a multifaceted state and is defined as 'An unpleasant sensory and emotional experience associated with actual or potential tissue damage or described in terms of such damage',[@R2] meaning that pain does not necessarily have to be associated with injuries. Pain is common in adolescents, with a prevalence of 4%--40%. In general, girls appear to be more afflicted with pain than boys.[@R3] There is a discrepancy regarding the relationships between pain, health status and participation in sport. Adolescents who participate in sports generally report having better general health than their inactive counterparts,[@R4] but there is a dose-response relationship between pain and time spent participating in sports[@R5] that can negatively affect the health status of active adolescents.[@R6] Adolescents with pain may continue to have pain as young adults,[@R7] which is a matter for concern.

The risk of injury is higher during adolescent years because of structural changes in the skeleton, muscles and tendons.[@R8] Consensus recommendations suggest that definitions of sports injuries should incorporate time lost from participation,[@R1] which is why there is little information on pain conditions that do not affect participation in sports. There is a need for sports coaches to monitor training load during adolescence and to adapt the load according to the physical maturity of the athlete---in order to prevent injuries and to optimise athletic development.[@R9] Few studies have investigated the perception of pain and biological maturity in adolescents who are active in sports. In the general population, pubertal age was found to be a better predictor of both multiple pain and pain prevalence than chronological age in adolescent boys and girls, indicating that it may be important to assess physical maturity together with pain.[@R11] The aim of this study was to investigate the frequency of musculoskeletal pain and its association with maturity offset, health status and sports performance in 14-year-old sport school students.

Methods {#s2}
=======

This cross-sectional study was part of the project 'Malmö Youth Sport Study'. Three age cohorts of Swedish seventh grade students (14 years old; n=233) from a sports school were asked to participate in the study. The school enrols young athletes who are highly ranked in their sports and who are aiming for an elite career in the future. After a qualifying round, students are admitted to the school in one sport. They practice their sport during school hours (450 min per week) and attend regular training and competitions on their leisure time. Contact sports (basketball, football, floorball and ice hockey), non-contact sports (swimming, athletics, tennis, badminton and squash) and aesthetic sports (diving, figure skating and artistic gymnastics) are represented at the school.

Anthropometrics were measured, questionnaires were distributed and sports performance measures were taken during the spring of 2014, 2015 and 2016. The exclusion criteria were having a birth date before or after ordinary age cohort, reports of injuries and/or non-participation in lower extremity performance tests.

The research project 'Malmö Youth Sport Study' was approved by the Regional Ethical Review Board in Lund, Sweden (2012/745, 2014/270 and 2017/325). Participation in the study was voluntary and an informed consent document was signed by both the student and his/her guardian before entering the study.

Testing procedures {#s2-1}
------------------

All the students performed an individual 5--10 min warm-up. Anthropometrics, questionnaires and sports performance tests were measured by trained leaders and performed in random order at the school during 1 day or over no more than 2 days (≤1 week apart) at the school.

Anthropometric measures {#s2-2}
-----------------------

Anthropometric measurements of height, sitting height and body weight were performed to estimate maturity offset. Maturity offset is an assessment of maturity in relation to peak height velocity (PHV). Negative values indicate years to PHV and positive values indicate years passed since PHV.[@R13] A stadiometer was used to measure height and sitting height to the nearest 0.1 cm. Two measurements were taken in each test and if the results differed by more than 0.4 cm, a third measurement was taken. Body weight was measured with a digital personal scale with column, to the nearest 0.1 kg. Two measurements were taken and if the results differed by more than 0.1 kg, a third measurement was taken. The mean of two values or the median of three values was used in analyses of height, sitting height and weight. Maturity offset was calculated according to sex-specific equations for boys (R^2^=0.89, SE of estimate=0.59 and SD=0.65) and girls (R^2^=0.89, SE of estimate=0.57 and SD=0.68).[@R13]

Questionnaires {#s2-3}
--------------

The prevalence of musculoskeletal pain was evaluated using two items. A pain mannequin with 18 predefined body regions[@R14] was used to examine the frequency of pain. Each region had six response options: never/rarely/monthly/weekly/more than once a week/almost daily.[@R6] In addition, a numeric rating scale (0--10, best to worst) was used to assess pain intensity during the previous week. The pain mannequin[@R14] and the numeric rating scale[@R15] have been validated and have been used in previous studies.

The EQ-5D questionnaire measures health status and covers five domains: mobility, self-care, usual activities, pain/discomfort and anxiety/depression. Every domain contains three response options (no problems, some problems and extreme problems). Responses were transformed into a UK index ranging from 0.00 to 1.00 (worst health to best health).[@R16]

Sports performance tests {#s2-4}
------------------------

Speed was assessed with the 20 m sprint[@R18] and agility with the T-test.[@R19] The validated and reliable T-test was performed in accordance with protocol according to Pauole *et al*,[@R19] but with cones. Both tests were performed on an indoor track surface and with the starting line placed 0.5 m before the infrared single-beam timing gates (MuscleLab; Ergotest Innovation, Porsgrunn, Norway). Three trials were done for 20 m sprint, and two approved trials were done for T-test, and the fastest time for each test was recorded to the nearest 0.01 s for use in analyses.

Power in the lower extremities was assessed with the counter-movement jump with arm swing (CMJ-AS)[@R20] and measured with an infrared mat (MuscleLab; Ergotest Innovation).[@R21] Three attempts in a row were made, and the highest jump was recorded to the nearest 0.1 cm and used in analysis.

Grip strength was assessed with a hand-grip dynamometer with a steel spring of 40 kg resistance (KERN Sohn GmbH, Balingen, Germany) according to the Southampton protocol,[@R22] with arm resting on a table. Three consecutive trials were performed on each hand and the maximum value was recorded to the nearest 0.1 kg (independent of hand) and used in analysis.[@R22]

Statistical analyses {#s2-5}
--------------------

The six response options for frequency of pain in each region of the body were collapsed into three categories: never and rarely were categorised as 'infrequent pain', monthly and weekly as 'frequent pain' and more than once a week and almost daily as 'constant pain'. Students who reported having pain in at least one body region were categorised into one of the three pain groups, according to highest reported frequency. Analysis of variance was used for pain group comparisons, but gave little information, why a Student's t-test between the most extreme groups (infrequent pain and constant pain), stratified for sex, was used. Analysis of covariance was used for analysing associations between sports performance parameters (dependent variables) and pain groups and maturity offset (independent variables). The data were analysed with IBM SPSS Statistics V.24.0 (IBM, Armonk, New York, USA) and statistical significance was assumed at p\<0.05.

Results {#s3}
=======

Two hundred and twenty out of 233 registered students were interested in participating in the study. Seven of the 220 did not return the consent form and 11 missed the test session. Students were excluded from the study if they were born before or after their age cohort (n=2) or if they reported injuries and/or did not participate in the performance tests (n=22). This resulted in a total dropout of 42 students (38% of them girls), leaving 178 (83.6%) out of 213 students in the final sample, 108 boys (60.7%) and 70 girls (39.3%).

Height for boys ranged from 145.0 cm to 187.5 cm and weight from 37.3 kg to 82.7 kg; height for girls ranged from 148.4 cm to 176.5 cm and weight from 40.3 kg to 71.7 kg. Maturity offset ranged from --1.87 to 1.51 for boys and from 0.41 to 2.47 for girls. Out of 178 students, 167 could be categorised into pain groups: infrequent pain (18.6%), frequent pain (50.9%) and constant pain (30.5%). See [table 1](#T1){ref-type="table"} for descriptive data. In the constant pain group, the most commonly reported pain regions were the knees and the lower legs/feet.

###### 

Results of comparisons between boys and girls for anthropometrics and demographics, questionnaires and sports performance tests

                                     Mean±SD       Mean±SD       Mean±SD      P values
  ---------------------------------- ------------- ------------- ------------ -----------
  Anthropometrics and demographics                                            
   Height (cm)                       165.5±8.7     167.1±9.6     163.1±6.4    0.001
   Weight (kg)                       54.0±9.0      54.0±10.2     54.2±6.9     0.87
   BMI (kg bw/m^2^)                  19.6±2.2      19.2±2.1      20.3±2.1     \<0.000
   Chronological age (years)         13.94±0.26    13.94±0.26    13.94±0.27   0.98
   Maturity offset (years)           0.49±1.14     --0.27±0.75   1.66±0.43    \<0.000
   Sports                                                                     
    Contact                          127 (71.3%)   90 (83.3%)    37 (52.9%)   
    Non-contact                      38 (21.3%)    13 (12.0%)    25 (35.7%)   \<0.000\*
    Aesthetic                        13 (7.3%)     5 (4.6%)      8 (11.4%)    
  Questionnaires                                                              
    Pain groups                                                               
    Infrequent pain                  31 (18.6%)    22 (22.0%)    9 (13.4%)    
    Frequent pain                    85 (50.9%)    51 (51.0%)    34 (50.7%)   0.27\*
    Constant pain                    51 (30.5%)    27 (27.0%)    24 (35.8%)   
   Pain intensity†                   3.0±2.2       3.0±2.2       3.1±2.1      0.70
   EQ-5D^‡^                          0.86±0.13     0.87±0.13     0.85±0.14    0.19
  Sports performance tests                                                    
   20 m sprint (s)                   3.36±0.19     3.33±0.20     3.40±0.16    0.01
   Agility T-test (s)                10.82±0.62    10.66±0.62    11.06±0.56   \<0.000
   CMJ-AS (cm)                       34.2±5.8      35.4±6.0      32.4±5.0     0.001
   Grip strength (kg)                29.7±6.3      30.9±7.0      27.9±4.6     0.001

The results were analysed with Student's t-test and are presented as mean±SD or were analysed with χ^2^ test and are presented as n (%).

\* Analysed with χ^2^ test.

† 0--10 points, scored from best to worst (n=163).

‡ 0.00--1.00, scored from worst to best (n=172).

BMI, body mass index; Bw, body weight; CMJ-AS, counter-movement jump with arm swing.

Constant pain versus infrequent pain {#s3-1}
------------------------------------

Boys in the constant pain group had higher pain intensity (p\<0.000), had a worse score for health status (p\<0.000) and had a worse sports performance regarding 20 m sprint, agility T-test and CMJ-AS than boys with infrequent pain. Boys in the constant pain group also had a lower mean value for maturity offset (p=0.03), indicating a younger biological age. Girls in the constant pain group generally reported having a higher intensity of pain (p=0.001) and they had worse scores for health status (p=0.004), but there was no difference in maturity offset (p=0.29) and sports performance between these girls and the girls in the infrequent pain group ([table 2](#T2){ref-type="table"}).

###### 

Results of comparisons within the one sex between the infrequent pain and constant pain groups for anthropometrics and demographics, questionnaires and sports performance tests

                                     Boys         Girls                                             
  ---------------------------------- ------------ ------------- --------- ------------ ------------ -------
  Anthropometrics and demographics                                                                  
    Chronological age (years)        14.02±0.24   13.94±0.27    0.23      13.84±0.31   13.98±0.25   0.19
    Maturity offset (years)          0.07±0.76    --0.38±0.68   0.03      1.82±0.36    1.65±0.42    0.29
  Questionnaires                                                                                    
    Pain intensity\~^\*^             2.2±2.2      5.3±1.8       \<0.000   1.8±1.4      4.5±2.1      0.001
    EQ-5D^†^                         0.92±0.10    0.80±0.09     \<0.000   0.94±0.12    0.77±0.14    0.004
  Sports performance tests                                                                          
    20 m sprint (s)                  3.21±0.13    3.40±0.21     0.001     3.49±0.19    3.37±0.18    0.11
    Agility T-test (s)               10.41±0.40   10.94±0.66    0.003     11.38±0.63   10.94±0.57   0.07
    CMJ-AS (cm)                      38.2±4.8     33.5±6.3      0.007     30.2±4.4     34.1±4.7     0.05
    Grip strength (kg)               34.3±6.8     30.4±7.2      0.06      28.4±3.1     28.7±5.0     0.88

The results were analysed with Student's t-test and are presented as mean±SD.

\* 0--10 points, scored from best to worst.

† 0.00--1.00, scored from worst to best.

CMJ-AS, counter-movement jump with arm swing.

Associations between sports performance, maturity and pain {#s3-2}
----------------------------------------------------------

A higher value for maturity offset was associated with a better sports performance in 20 m sprint and grip strength in boys, but only in grip strength in girls. Pain group categorisation (infrequent pain to constant pain) was associated to a worse sports performance in 20 m sprint, agility T-test and CMJ-AS in boys. In girls, the results were reversed with better performances in 20 m sprint (p=0.06), agility T-test (p=0.06) and CMJ-AS (p=0.01) for higher reported pain frequency ([tables 3 and 4](#T3 T4){ref-type="table"}).

###### 

Results of relationships between sports performance, physical maturity and pain groups in boys (n=100)

                            20 m sprint (s)             Agility T-test (s)      CMJ-AS (cm)               Grip strength (kg)
  ------------------------- --------------------------- ----------------------- ------------------------- ----------------------
  Maturity offset (years)   --0.06 (--0.11 to --0.01)   0.01 (--0.15 to 0.17)   1.4 (--0.1 to 3.0)        7.4 (6.2 to 8.6)
  Pain groups^\*^           0.08 (0.02 to 0.13)         0.27 (0.09 to 0.45)     --2.0 (--3.7 to --0.30)   --0.2 (--1.5 to 1.1)

The results were analysed with an analysis of covariance and are presented as β-estimate (β-est) and 95% CI.

\* Infrequent pain=1, frequent pain=2 and constant pain=3.

CMJ-AS, counter-movement jump with arm swing.

###### 

Results of relationships between sports performance, physical maturity and pain groups in girls (n=67)

                            20 m sprint (s)            Agility T-test (s)        CMJ-AS (cm)          Grip strength (kg)
  ------------------------- -------------------------- ------------------------- -------------------- --------------------
  Maturity offset (years)   --0.06 (--0.16 to 0.03)    --0.05 (--0.39 to 0.29)   1.8 (--1.0 to 4.6)   6.6 (4.4 to 8.8)
  Pain groups^\*^           --0.06 (--0.12 to 0.001)   --0.20 (--0.40 to 0.01)   2.3 (0.6 to 4.0)     0.9 (--0.5 to 2.2)

The results were analysed with an analysis of covariance and are presented as β-estimate (β-est) and 95% CI.

\* Infrequent pain=1, frequent pain=2 and constant pain=3.

CMJ-AS, counter-movement jump with arm swing.

Discussion {#s4}
==========

In this study, one out of three students who attended a sports school reported having pain on an almost daily basis, and this was associated with higher reported pain intensity and a worse health status than in students who reported that they rarely experienced pain. The boys in the constant pain group were biologically younger and performed worse regarding almost all measures of performance than the boys in the infrequent pain group. The association between worse sports performance and pain maintained even when adjusting for maturity offset. There were no significant differences in maturity or in sports performance between girls with infrequent pain and girls with constant pain. Belonging to the groups of frequent pain or constant pain seemed to be associated with a better sports performance in girls.

Emphasis is being constantly placed on the roles of physical activity and sport as ways of enhancing health,[@R23] but in this study, we found that as many as four out of five adolescent athletes experienced pain either frequently or constantly. Bergeron *et al* [@R24] stated in their consensus statement on athletic development in youths that there should be a striving towards health and sustainability. As in the general population,[@R6] the students in this study who experienced pain also had a worse reported health status. Rathleff *et al* [@R6] used a similar questionnaire to assess frequency of pain and one out of five 14-year-olds experienced pain on an almost daily basis. One in three reported having a high frequency of pain in the present study, which was slightly higher than in the study by Rathleff *et al.* [@R6]

Health status is generally worse in girls, but there were no differences between boys and girls in this study. It is possible that sports have a protective effect on health status when comparing with those who experience a similar frequency of pain in the general population, but further studies are needed in this area. The differences found within sexes and between pain groups in health status can be considered to have clinical implications, as indicated by a mean difference of 0.074 in the EQ-5D.[@R26]

Physical maturity status differed in boys and girls. This is normal, since girls generally enter PHV at the age of 12 years, as compared with boys who generally enter it at 14 years of age.[@R27] Because of the time point for data collection, all the girls in this study had already passed PHV. In addition to this, there is the factor of early selection in sports whereby those who mature early and average maturers are selected at the expense of the late maturers.[@R28] In the general population, dispersion of maturity offset is 1 year,[@R29] but the SD for girls in this study sample was less than 6 months. A similar effect was also seen in boys, though with a wider distribution than for girls. This means that our study sample was quite narrow regarding age range, which could indicate that most of the students had been selected because they were early maturers relative to the general population. Since the distribution into pain groups was not different in boys and girls and most girls had passed their PHV, it might be that the reasons for having pain may differ depending on whether or not an adolescent has passed his or her PHV.

Noon *et al* [@R31] have studied recommended training loads in youth elite sports programmes and have found an increase in muscle soreness, stress and fatigue and a decrease in sport performance postseason compared with preseason. These findings indicate that there may be an imbalance between stress and recovery during the season, which also affects the subject's perception of well-being.[@R31] Reports of frequent pain may indicate a decrease in perceived recovery in sport school students, which may increase the risk of injury.[@R32] The injury incidence in 15--19-year-old students from the Swedish National Sports High Schools was approximately 30% and the risk of injury increased with poor sleep patterns and poor nutrition intake.[@R33] This indicates the need for a holistic perspective on adolescents' elite careers. Pain is a complex phenomenon. King *et al* [@R3] highlights increasing age and female sex as risk factors for pain in adolescents. Psychosocial factors, such as being sad, may affect the perception of pain in a negative way.[@R3] More quantitative and qualitative studies are needed in order to understand the different reasons for why sport school students often experience pain.

Limitations {#s4-1}
-----------

Students were involved in many different sports in this study sample, which may have affected the result. Contact sports have a higher incidence of injury than non-contact sports and aesthetic sports[@R34] and this may affect reporting of pain. The sports performance tests were general, and they were not optimal for students engaged in ice sports[@R35] or water sports. Even so, we decided to study the concept of the sport school as one entity. Because of the small study sample from the school, it may be difficult to generalise the results.

There is some uncertainty in the calculation of maturity offset, which should be considered. It has been suggested that the predicted PHV is overestimated in older individuals and underestimated in younger individuals[@R30] and that the equation also overestimates predicted PHV in girls more than in boys.[@R29] However, the prediction appears to be most accurate around PHV for average maturing boys between 12 and 16 years and average maturing girls between 11 and 13 years,[@R29] which correspond to the ages in the study sample. The use of the equations in athletic adolescents requires further validation.[@R28]

Future directions {#s4-2}
-----------------

Pain (irrespective of cause) is common in youth athletes and, as seen in this study, it may have a negative effect on their health status. Pain can remain long after the athlete has recovered from an injury, and guidelines on how coaches, student healthcare workers and school personnel should handle this and support the young athlete are still scarce in literature. There is a need for recommendations in youth sports that properly address the biopsychosocial aspect of pain. Pain management in adult elite athletes has recently received attention,[@R36] but more research is needed in order for us to understand the complexity of pain in very physically active adolescents.

Finally, there is a need for further longitudinal studies on this subject in order for us to more clearly establish possible relationships between pain, maturity offset, health and sports performance---and where nutrition may also be an important factor to investigate. Moreover, reference groups from general schools will be needed to determine whether or not potential relationships are sport-specific.

Conclusion {#s5}
==========

Musculoskeletal pain is common in sport school students and it appears to coincide with worse health status and with a younger biological age in boys. The high prevalence of pain should be acknowledged by coaches, student healthcare workers and school personnel in order to promote a healthy and sustainable development for young athletes who are aiming for future elite careers. More studies are needed to establish possible long-term relationships between pain, maturity, health status and sports performance.
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